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cART Therapy (combination antiretroviral therapy) has improved the live expectancy of people 
living with HIV (PLHIV). But HIV associated neurocognitive disorders (HAND) are still 
prevalent. One of the factors associated could be the cART therapy itself. The study aims to 
calculate the prevalence of HAND and associated risk factors in PLHIV who are on Cart 
therapy and to compare the efficiency of MMSE and IHDS scales in the assessment of HAND. 
A case-control study involving 54 PLHIV on cART therapy and 27 HIV negative controls were 
screened for their neurocognition by two neuropsychological tests such as MMSE and IHDS, 
followed by staging into Asymptomatic Neurological Impairment (ANI), Mild Neurocognitive 
Impairment (MND), HIV Associated Dementia (HAD) in PLHIV. Statistical analysis was done 
using suitable software. The overall prevalence of HAND in our study was found to be 70.37%. 
Prevalence estimates for specific HAND diagnoses were 57.89% ANI, 28.9% MND, and 13.1 
% HAD. IHDS demonstrated good screening ability for HAND with an optimal cut-off score of 
10, high sensitivity of 70% and minimal specificity. Age, male gender, low literacy, presence of 
comorbidities, severity of the disease, cART regimen with low CPE (CNS penetration 
effectiveness) score were strongly correlated. Study findings suggest that IHDS serves as a 
better screening tool for HAND with greater sensitivity and can facilitate further cognitive 
evaluation. The overall prevalence was found to be equivalent to that of the recently reported 
studies. 
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Introduction The CNS is surrounded by the Blood - Brain Barrier (BBB), 


the Blood - Cerebrospinal Fluid (CSF) Barrier, and the CSF 


The central nervous system (CNS) can act as a compartment 
for replication of HIV (Human Immunodeficiency 
Syndrome) independently from plasma and continuous 
replication can contribute to neurocognitive impairment. 
Therefore, it is essential that adequate concentration of 
antiretrovirals reach the CNS to provide neuroprotection and 
improve neurocognition [1]. 


Brain Barrier [2]. HIV associated neurocognitive disorder 
(HAND) is neurocognitive impairment associated with HIV 
infection. It is an important consideration during an HIV 
examination as it can lead to many challenges such as 
employment issues and medication adherence. 

In patients with HIV viral load managed by combination 
anti-retroviral therapy (CART), it was reported that HAND 
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has a 20-74% prevalence rate. A simple screening tests can 
be used to evaluate cognition. The Mini Mental State 
Examination (MMSE) is one of the most widely used 
dementia screening test, also for HAND screening. The 
international HIV dementia scale (HDS) was published as a 
tool to screen patients at a high risk for HAND, without 
being affected by language and culture [3]. 

Recent publications estimate the prevalence of HAND 
exceeds 50%, and this rate is likely higher among older 
patient [4]. The use of cART therapy has significantly 
improved the quality of life for people living with HIV 
(PLHIV), however HAND continues to be encountered [5]. 
Anti-retroviral therapy (ART) have changed the patterns of 
AIDS dementia complex and have significantly reduced the 
incidence of a severe form of HAND [6]. 

The clinical severity of HAND can range from 
asymptomatic neurocognitive impairment (ANI) to full 
blown HIV-associated dementia (HAD) [7]. HAND have 
been shown to interfere with cART adherence, social 
factors, other opportunistic infections (OI) associated with 
HIV. The study aimed at comparing IHDS and MMSE in 
assessing neurocognitive impairment among PLHIV. The 
hypothesis is that IHDS will detect more people with 
HAND compared to MMSE [8]. 

Many factors are associated with the risk of developing 
HAD rather than progression through various levels of 
neurocognitive dysfunction [9]. Long-term cART regimens 
with a high degree of CPE (CNS penetration effectiveness) 
were not associated with significantly improved 
neuropsychological or neuroimaging outcomes in HIV+ 
adults [10]. The extent to which ART leads to a reduction in 
the incidence and prevalence of HIV-related cognitive 
impairment remains unclear [11]. 

This study focused on the complications that are prevalent 
despite the use of ART, and complications of cART 
attributable to medication side effects [12]. 


Methods 


Study design and settings 

A case-control study was conducted at a tertiary care 
hospital, with NABH accreditation and is a teaching hospital 
with more than 340 beds. The hospital also runs a RV clinic 
every Friday with at least 10 patients a day. 


Sample size and sampling procedure 

PLHIV visiting the RV clinic during a 3 months period 
(December to February 2020) were included in the study. 81 
subjects were included in the study of which 54 were HIV 
positives (cases) and 27 were HIV negatives (control). 


Inclusion/Exclusion criteria 
PLHIV who were 18 years or older and able to give 
informed consent were included. Control group was 


matched against cases for age, sex, level of education, 
presence or absence of chronic illness and who are able to 
give informed consent. Those with hearing or visual 
impairments, impaired articulation or limb disabilities 
unable to perform neurocognitive tasks were excluded. 


Data collection and analysis 

Socio-demographics including age, gender, education 
qualifications, and duration of illness were noted in a 
predefined form. Clinical profile including WHO HIV 
clinical staging, presence of other chronic illnesses, patient’s 
recent CD4 count and current therapy regimen were 
documented. They were administered MMSE and IHDS, 
followed by staging of HAND. Prevalence of HAND was 
calculated by using IHDS, a more accurate scale. 
Medication adherence of the patient was checked using the 
Morisky-4 item scale (MMAS). Association between 
HAND and CD4 counts, ART therapy, medication 
compliance was established and the risk factors associated 
with the development of HAND were assessed. The data 
was stored confidentially and subjected to further analysis 
using appropriate statistics. 


Description of study instruments 

The MMSE scale was originally developed to screen for 
dementia and delirium but is now widely used to screen 
cognition. It assesses five domains of cognition such as 
orientation, memory registration, attention and calculation, 
memory recall, and language. The maximum possible score 
is 30 on which the cut-off point for defining cognitive 
impairment was set at 24 [13]. In the pre-ART era, the HIV 
dementia scale (HDS) was evolved which was then adapted 
for its use in the international settings as the IHDS. It 
assesses memory recall, motor speed, and psychomotor 
speed as domains of neurocognitive functions. It consists of 
fixed finger tapping (measures motor speed), fixed 
alternating hand sequence (psychomotor speed), and 
remembrance of 4 items in 2 minutes (memory registration 
and recall). Each of these subsets are rated on a scale of 0—4 
[14]. 


Results 


Socio-demographics and clinical profile of the study 
participants 

During a period of 6 months, 81 participants were included 
in the study of which 54 were PLHIV and 27 in the control 
group. Of the total, 31 were males and 50 were females. As 
for 54 participants in the PLHIV, 23 (42.59%) were males 
and 31 (57.40%) were female. 
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Table 1. Socio-demographics and clinical profile of PLHIV. 


Variable Category Count Percentage (%) 
Age of patients (in years) 18-25 5 9.25 
26-35 3 5.55 
36-45 19 35.18 
46-55 13 24.07 
>55 14 25.92 
Duration of HIV since diagnosis (in years) <l 1 1.85 
1-5 10 18.51 
6-10 11 20.37 
>10 32 59.25 
Presence of other comorbid conditions Yes 40 74.07 
No 14 25.92 
Presence of opportunistic infections Yes 21 38.88 
No 33 61.11 
Clinical staging of the disease Stage 1 16 29.62 
Stage 2 14 25.92 
Stage 3 12 22.22 
Stage 4 12 22.22 
CPE score category </=7 35 64.81 
>7 19 35.18 
Medication adherence (MMAS score) 0-2 5 9.25% 
3 8 14.81% 
4 41 75.92% 


Comparison of neurocognitive performance of study participants by IHDS and the MMSE scales 
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Figure 1. Frequency of neurocognitive impairment based on the MMSE and IHDS scores of cases (PLHIV) and controls 
(HIV negative). 
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Calculation of sensitivity, specificity, and accuracy of the assessment scales 


Table 2. Distribution of MMSE and IHDS scores in HIV+ positive cases and HIV- negative controls. 


MMSE Diseased, N (%) 

Positives True positive (a) 22 (40.74%) 

Negatives False negative (c) 32 (59.25%) 
Total 54 

IHDS Diseased, N (%) 

Positives True positive (a) 38 (70.37%) 

Negatives False negative (c) 16 (29.62%) 
Total 54 


False positive (b) 
True negative (d) 


Total 


False positive (b) 
True negative (d) 


Total 


Not disease, N (%) 
15 (55.55%) 


12 (44.44%) 


27 


Not disease, N (%) 


24 (88.8%) 


3 (11.11%) 


27 


Total 
37 


44 


Total 
62 


19 


Assessment of the frequency of association of HAND with other factors 
Out of the 54 participants, 38 (70.37%) screened positive for HIV associated neurocognitive deficits. 


Table 3. Socio - demographics and clinical characteristics of HAND subjects. 


Variable Category 


18-25 
26-35 
36-45 
46-55 


Age of patients (in years) 


Duration of HIV since diagnosis (in years) 1-5 


Presence of other comorbid conditions Yes 
Presence of opportunistic infections Yes 


Clinical staging of the disease 


CPE score category </=7 


Medication adherence (MMAS score) 0-2 


Age, male gender, low literacy level, longer duration of 
illness, presence of other comorbidities and opportunistic 
infections, severe stage of HIV (stage 4), medication non- 
adherence were positively associated with HAND and thus 
older HIV patients are at high risk of developing 
neurocognitive impairment. 

The association of an individual ARV drug within a 
particular combination was analyzed. The single most 
common ART used was Lamivudine (3TC) with 34 
(89.47%) of HAND cases being on a 3TC containing 


HIV associated neurocognitive disorder 
Positive screening Negative screening 


N % N % 

3 60 2 40 

1 33.33 2 66.66 
11 57.89 8 42.10 
9 69.23 4 30.76 
14 100 0 0 

8 80 2 20 

9 81.81 2 18.18 
21 65.62 11 34.37 
29 72.5 11 27.5 
9 64.28 5 35.71 
14 66.66 7 33.33 
24 72.72 9 27.27 
10 62.5 6 37.5 
11 78.57 3 21.42 
6 50 6 50 

11 91.66 1 8.33 
25 71.4 10 28.57 
1 36.84 12 63.15 
5 100 0 0 

6 75 2 25 

27 65.85 14 34.14 


combination. So, Lamivudine was significantly associated 
with neurocognitive impairment then followed by Efavirenz 
and Tenofovir. 

The most common cART regimen used included 
TDF/3TC/EFV (50%) and AZT/3TC/NVP (13.15%). Use of 
TDF/3TC/EFV was strongly associated with HAND, 
because of its low CPE score and the majority of patients out 
on this regimen. 
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Table 4. Association between CPE score category of ARV drugs and HAND. 


CPE score ART type 


HIV associated neurocognitive disorder 


category Positive screening Negative screening 
N % N % 
1 TDF 23 67.64 11 32.35 
Ritonavir 1 100 0 0 
2 3TC 34 69.56 14 30.43 
D4T 5 50 5 50 
ATV 1 100 0 0 
3 ABC 3 100 0 0 
FTC 3 50 3 50 
Darunavir 1 100 0 0 
EFV 25 75.75 8 24.24 
4 AZT or ZDV 5 83.33 1 16.66 
NVP 6 54.54 5 45.45 
Table 5. Association between the cART regimen and HAND. 
ART regimen CPE score CPE score Number of HAND patients Percentage 
category on this regimen (N) (%) 
3TC + D4T + NVP 8 Medium 3 7.89 
TDF + 3TC + EFV 6 Low 19 50 
TDF + FTC + EFV 7 Low 3 7.89 
AZT +3TC + NVP 10 High 5 13.15 
Darunavir-r + DOL 6 Low 1 2.63 
ABC+ 3TC + DOL 8 Medium 3 7.89 
TDF + 3TC + D4T 5 Low 1 2.63 
AZT +3TC + EFV 9 Medium 1 2.63 
3TC + D4T + EFV 7 Low 2 5.26 


Risk factors associated with HAND 
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Figure 2. Figure showing the association between HAND and other possible risk factors. 


Discussion 


The main aim of the study was to calculate the period 
prevalence of HAND by assessing the neurocognition in 
PLHIV using MMSE and IHDS scales at a tertiary care 
hospital, Bangalore. Knowing the prevalence of HAND is 
important as it is associated with medication non-adherence, 


decreased quality of life, and increased risk of mortality in 
PLHIV. This helps to facilitate a better understanding of the 
CPE of all the available ARV drugs and thus the 
management of HAND would be easier. Use of ART 
regimens with a high CPE score may be effective against 
CNS complications including HAND by direct inhibition 
virus replication in CNS and thus improve overall survival 
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and reduce the incidence of CNS disease that may manifest 
as HAND [15-17]. 

Though the introduction of cART therapy has significantly 
improved the survival rate of HIV subjects by lowering the 
viral burden, raising CD4 cell counts, reducing Ols or 
improving the overall health-related quality of life, HAND is 
still prevalent in cART era and hence remains the major 
public health concern [3, 6]. 

Many factors were found to contribute to the disease 
severity such as age, gender, socio-economic status, duration 
of illness, presence of comorbidities, OIs, medication non- 
compliance, and cART therapy. Of all, direct neurotoxic 
effects of cART are an important consideration, which can 
further lead to challenges in performing the activities of 
daily living [6, 18]. Hence here comes the role of a clinical 
pharmacist to intervene the therapy and prevent adverse 
effects related to ART drugs. HAND causes sub-cortical 
dementia and the MMSE is most useful in detecting cortical 
dementia [19]. 

Our study revealed that IHDS at a cut-off value of </=10 
was a better tool for screening of HAND compared to 
MMSE, but with less specificity. Consequently, the main 
finding of our study is that IHDS significantly detects a 
greater portion of HAND when compared to MMSE.The 
overall period prevalence of HAND in our study was found 
to be 70.3% of which 57.89% representing ANI, 28.9% 
MND, and 13.1% HAD. The incidence of ANI was found to 
be higher and it is characterized by mild impairment in two 
or more of the domains with diminished everyday 
functioning. HAD, being the chronic cognitive deterioration 
was found to be rare in the cART era. 

IHDS was found to have better sensitivity with less 
specificity compared to MMSE and thus is an accurate tool 
for the screening of HAND. Thus, the prevalence of HAND 
is calculated using the number of patients who screened 
positive for neurocognitive impairment with the IHDS scale. 
In determining the frequency of association between HAND 
and many other factors, the following findings were 
suggested: 

Studies have not found gender to be a significant predictor 
of cognitive impairment in PLHIV [20], in contrast to other 
studies, a larger number of men were found to be abnormal 
in our study. Greater age was found to be consistently 
associated with declining cognitive performance. The most 
important intervention in managing cognitive impairment 
remains to verify that patients are on ART therapy and are 
adherent to treatment [21]. Low literacy rate was found to be 
associated with worsened neurocognitive performance, 
however, higher education may be protective [22, 23, 15]. 
Existence of HIV associated OIs and other comorbidities 
such as diabetes, obesity, anxiety, depression, other 
psychiatric and cardiovascular disorders, co-infection with 
the hepatitis C virus would increase the risk of HAND [24]. 
Greater proportions of HAND was associated with increased 
severity of HIV/AIDS based on the WHO clinical staging. 
It is important to focus on the importance of CNS- 


penetrating ARV regimens to target active replication of the 
virus and thus improve cognitive outcomes [25]. It is thus 
important to be cautious about the utility of the CPE score in 
predicting outcomes or modifying approaches to ART 
therapy [21]. The use of cART regimens with high CPE 
scores may be protective against HAND, other CNS 
complications and thereby tend to improve the overall 
survival by directly inhibiting viral replication in the CNS 
[17, 18]. Considering individual ARV drugs, Lamivudine 
was found to have a stronger association with HAND then 
followed by Efavirenz and Tenofovir [15]. However, the use 
of the Tenofovir/Lamivudine/Efavirenz regimen, which has 
alow CPE score 6, was greatly linked with HAND. 


Limitations 


The study has several limitations: it was a single-center 
study with a relatively small sample size, which resulted in 
limited power to determine prevalence rate and also a 
statistically significant association of HAND with various 
factors. The initial sample size was 50 subjects, which was 
reduced due to the Covid pandemic and the subsequent 
lockdown in India. Lack of powerful comprehensive gold 
standard tools such as a neuropsychological battery to 
compare with other screening tools such as MMSE and 
IHDS limits the study from ascertaining the exact sensitivity 
and specificity of our screening tools. Few factors such as 
economic status, substance abuse was not correlated with 
the neurocognitive performance from the used screening 
tools. 


Conclusion 


Our study reports that neurocognitive disorders are highly 
prevalent among PLHIV, even while having a larger number 
of management strategies including cART therapy. Hence, 
regular screening for HAND would be an interesting 
approach to detect early asymptomatic neurological 
infection and thus prevent a decline in neurocognition trend 
or development of HIV associated dementia. 

IHDS has been demonstrated to be an inexpensive, rapid, 
easy to administer and more accurate tool for the screening 
of HAND. 

The study also highlights the link between multiple factors 
such as age, gender, literacy level, duration of illness, other 
comorbidities, opportunistic infections, medication 
adherence, ART regimen, and their association with HAND. 
However, the optimization of individual ART regimen 
would be a better approach for the prevention of HAND. 
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